Background: Urinary (UI) and fecal (FI) incontinence occur in up to 7.5% and 32% of dogs, respectively, after thoracolumbar acute noncompressive nucleus pulposus extrusion (ANNPE).
Conclusion and Clinical Importance: The identification of clinical, diagnostic, and therapeutic predictors of UI and FI in dogs with T3-L3 ANNPE can help to approach these autonomic dysfunctions occurring after spinal cord injury. [3] [4] [5] [6] [7] [8] Considering the nonsurgical nature of the disease, histological confirmation of the diagnosis is rarely obtained; however, the MRI signal characteristics of extradural hydrated nucleus pulposus have been histopathologically validated in 2 studies and can support the diagnosis together with history and clinical signs. 9, 10 Successful functional recovery, defined as recovery of unassisted ambulation and complete urinary and fecal continence, occurs in 66% to 81% of dogs with a MRI-or myelography-based diagnosis of ANNPE. 4, [11] [12] [13] However, in cases with unsuccessful outcome, this was mainly related to persistently impaired micturition or defecation rather than inability to walk unassisted. 4, [11] [12] [13] In a large study including 157 dogs with MRI consensus diagnosis of T3-L3 ANNPE 99% of cases recovered ambulatory function (although most often with a degree of persistent motor deficits), 92.5% were urinary continent and 77% were fecally continent at long-term follow-up. 12 More specifically, fecal incontinence (FI) occurred in 100% of dogs that were paraplegic without nociception, 61% of dogs paraplegic with nociception, 20% of nonambulatory paraparetic or monoplegic dogs and in 9% of dogs that were ambulatory without assistance at the time of presentation. 12 In humans with spinal cord injury (SCI), the level (cervical or thoracic compared to lumbar), duration (≥10 years compared to less), and severity of the lesion (complete compared to incomplete SCI) are predictors of the severity of neurogenic bowel dysfunction. 14 Although the overall clinical improvement in dogs with ANNPE is generally dramatic with recovery of acceptable to good quality of life in most cases, 11 persistent urinary incontinence (UI) or FI can represent a challenge for owners to deal with. The aim of this study was to investigate clinical, diagnostic or treatment predictors of persistent UI or FI in dogs with T3-L3 ANNPE. intervertebral discs), and "hypogastric" (including ANNPE of L1-L2, L2-L3 or L3-L4 intervertebral discs). This was based on the described location of the soma of the neurons of the hypogastric nerve between the L1 and L4 spinal cord segments 15 and the anatomical correlation between spinal cord segments and vertebrae. 16 The longitudinal extension of the spinal cord lesion in relation to the length of L2 vertebral body (LL:VL), and its cross-sectional area compared to the area of the spinal cord at the same level (PCSAL) were measured as previously described 4 using a commercial software application (functions Ruler and Polygonal ROI, respectively, ClearCanvas Workstation 2.0, ClearCanvas Inc., Toronto, Canada). Regarding the anti-inflammatory treatment, paracetamol was not considered in the NSAIDs group because of the different mechanism of action and the lack of relevant anti-inflammatory function. 17 The ability of the dogs to urinate and defecate during hospitalization and after discharge was evaluated based on details available in the medical records and a follow-up telephone questionnaire with the owners performed at the time of the study. Long-term UI or FI were defined as the presence of any persistent deficit in micturition or defecation reported from the time of the injury to the time of the questionnaire or death (with a minimum follow-up of 16 weeks).
| MATERIALS AND METHODS

| Statistical analysis
Descriptive statistics were performed for signalment (eg, breed, age, body weight, sex), clinical presentation (eg, neurological grade at presentation and the presence of signs of spinal shock), diagnostic (eg, site of the ANNPE, LL:VL, PCSAL, the presence of intramedullary signal void in gradient echo MRI sequences) and treatment (eg, treatment with NSAIDs compared to without, treatment with corticosteroids compared to without, requirement for pharmacological bladder management) variables. Continuous variables were reported as medians (minimum, maximum), and categorical variables were reported as frequencies. Logistic regression was performed to assess predictors for UI and FI, using each of these variables (UI and FI) as separate dependent variables. In the univariate analysis, variables with a P value ≤.20 were considered eligible for multivariate analysis. Variables meeting this criterion were then examined for multicollinearity.
For model selection, a backward stepwise approach using likelihood ratio statistic was used with probability of entry ≤.05 and probability of removal >.1. Explanatory variables retained in the model were examined for confounding by adding each of the variables to the model and assessing the changes in the odds ratios of the remaining variables in the model. Studentized residuals were examined for outliers, flagging any cases with residuals greater than 2 SD. The logistic regression model was assessed for goodness of fit using the Hosmer-Lemeshow test, whereas the ability to discriminate between the 2 options for each dependent variable (eg, FI: yes or no) was determined using receiver operating characteristic curves. Odds ratios were calculated to estimate magnitude of association between selective investigated factors. In the final model, adjusted OR and 95% confidence intervals (CI) were reported. For all analyses, a two-sided P value of <.05 was considered statistically significant, and all analyses were performed using the IBM SPSS statistical software (version 24).
| RESULTS
A total of 187 dogs were included in this study. One hundred and fortyfour of these dogs were also included in a previous study 12 whereas the remaining 43 dogs were newly added. The most represented breeds included Labrador retriever (30) , Border collie (22), Staffordshire bull terrier (22) , Lurcher (10), Whippet (8), Greyhound (6), Golden retriever (5), Cocker spaniel (4), Siberian husky (4) and cross breed (31) . All other breeds were only represented by 1 or 2 cases. Median age at presentation was 6.5 years (2-11). Median body weight was 23 kg (3-71). There were 122 males (85 neutered) and 65 females (48 neutered); the male to female ratio was 1.88. One hundred and fifty-two dogs were presented to the referral veterinary hospital within 24 hours from the onset of the clinical signs, 19 dogs between 25 and 48 hours, 10 dogs between 49 and 72 hours, and 6 dogs between 73 hours and 7 days. Long-term FI was reported in 44 dogs (23.5%). More specifically FI was reported in 7.7% of dogs presented with neurological grade 2, 23.3% with grade 3, 53.6% with grade 4, and 100% with grade 5. Eleven of these FI cases (5.9% of the total) had both UI and FI. The most commonly reported abnormalities were being unable to control the urge to defecate (17 cases); starting walking before completing defecation (12 cases); losing feces overnight (11 cases); occasionally losing of feces while walking (8 cases); defecating when excited (6 cases), and being completely unaware of bowel motion (2 cases).
The owners of 2 dogs spontaneously reported that they were able to induce defecation by digital stimulation of the dog's anal region. By performing this maneuver at the last daily walk both owners reported reduced incidence of incontinence overnight. The association between severity of the neurological signs at initial presentation and functional recovery is in agreement with findings in a smaller population of dogs with ANNPE. 4 The same is true for the association between PCSAL and functional recovery. 4 However, the longitudinal extension of the lesion was not associated with the risk of incontinence, which might suggest that what is relevant for the occurrence of UI or FI is the involvement of specific spinal cord tracts.
| Analysis of predictors
This assumption can be supported by the fact that the disruption of specific spinal cord tracts would become more likely in association with a higher PCSAL and remain less influenced by the longitudinal extension of the lesion. Spinal cord tracts involved in urinary and fecal control run in dorsal, ventral, and lateral funiculi. 18, 19 The influence of the location of the T2W hyperintensity in transverse MRI sections in The strong significant association detected between not administering NSAIDs after diagnosis and a higher risk of FI suggests that further prospective randomized studies are warranted to investigate nonsteroidal anti-inflammatory treatment in dogs with ANNPE. In our analyses, dogs that were administered NSAIDs (81 cases) were compared to dogs that did not receive NSAIDs (106 cases), including in the latter group both dogs that did not receive any anti-inflammatory treatment (93 cases) and dogs that received corticosteroids (13 cases).
Conversely, when comparing dogs that received corticosteroids to dogs that did not, no significant association with FI was found. However, the low number of cases receiving corticosteroids and the lack of randomization prevented us from attempting any direct comparison between the effect of these 2 classes of anti-inflammatory drugs on the occurrence of UI or FI. The use of NSAIDs after SCI in humans has been reviewed. 20 Overexpression of cyclooxygenase-2 (COX2) in secondary injury after spinal cord trauma was demonstrated in a rat model, therefore opening a therapeutic window for COX2 inhibitors in SCI. 21 In the same model, the use of SC58125, a selective COX2 inhibitor, 15 minutes after SCI improved motor outcome based on Basso, Beattie, and Bresnahan score compared to controls. 21 Similar results were obtained in rats with the administration of another selective COX2 inhibitor, NS-398, 15 minutes before the SCI, 22 and with a single intraperitoneal injection of meloxicam 30 minutes after SCI. 23 On histopathologic examination, rats that were administered the above treatments had decreased disruption of axons and interstitial edema, 23 and a reduced extent of the spinal cord lesion compared to controls. 22 In adjunction to their COX2 inhibitory effect, another mechanism of action related to their positive effects after SCI is the inhibitory action of some NSAIDs on Ras homology protein member A (RhoA), an intracellular GTPase protein. 24 Multiple molecules expressed in the spinal cord after SCI ultimately converge in activation and overexpression of RhoA, which induces cytoskeletal axonal cone collapse via RhoA-kinase proteins, consequently inhibiting axonal regeneration. 24, 25 The expression of RhoA is elevated for up to 28 days post-SCI in rats. 26 Some NSAIDS, primarily ibuprofen and indomethacin, reduce the activity of RhoA both in vitro and in vivo. 24, 25, [27] [28] [29] Ibuprofen, specifically, improves axonal outgrowth and restoration of synapses, increases axonal myelination, and reduces apoptosis via RhoA inhibition after SCI, with concurrent improvement of neurological function in rats. [29] [30] [31] [32] This study identified the presence of clinical signs of spinal shock as a predictor of FI. Although the presence of spinal shock was significantly associated with the time interval between onset of clinical signs to presentation at the referral hospital, which is logical considering that it is a transient event, dogs that developed FI in this study were not presented significantly sooner than dogs that did not. Apart from its association with the rapidity of onset of the injury, a recent review on the clinical implications of spinal shock in humans highlighted the presence of a direct correlation between the severity of the spinal cord damage, the degree of spinal shock, and the prognosis. 33 In this study, it is possible that the presence of spinal shock as a prognostic factor for recovery reflects its potential correlation with the degree of anatomical injury; however, at this stage, this remains a purely speculative interpretation and would require histological studies to be proven. In human patients with spinal shock, autonomic activity is altered as well as somatic reflexes, and the recovery of bladder reflexes follows that of tendon reflexes. 33 The recovery of spinal reflexes after spinal shock follows a four-phase model including the transition to hyperreflexia in the latest phases. This could be because of formation of new excitatory synapses involving interneurons, sensory afferents, and lower motor neurons below the level of injury after the loss of supraspinal inputs. 34, 35 When applied to autonomic reflexes, this could lead to mechanisms of rectal hyperreflexia, which is one of the described mechanisms behind FI in humans after SCI. 36, 37 The possible association between the site of the lesion within the T3-L3 spinal cord segments and the outcome in terms of autonomic function was not previously investigated in dogs. In this study, we attempted to divide these segments based on the reported location of the neuronal bodies of the hypogastric nerve and the spatial correlation between spinal cord segments and vertebrae. Although in multivariate analysis, the location of the lesion as defined above was
technically not significantly associated with the outcome, the P value of .051 suggests that rejecting this correlation based only on this result might represent a type I error. With these results, it is indeed possible that even with a small change in sample size the association between a "prehypogastric" site of the lesion and a worse outcome might well become statistically significant.
As mentioned in the results, 2 owners independently reported that they were able to induce defecation in fecally incontinent dogs by applying digital pressure to the dog's anal region. This was reported to be helpful in reducing overnight incontinence by inducing defecation at the last daily walk, in this way at least partially emptying the rectum before bed time. Digital anorectal stimulation (DARS) is a welldescribed technique to induce defecation in humans with neurogenic bowel dysfunction after SCI. DARS does not only cause relaxation of the anal canal but also increases rectal pressure and induces colonic peristalsis during and up to 5 minutes after the procedure, with consequent rectal emptying by the fifth stimulation. 38, 39 This anorectal reflex is suggested to be induced by stretching of mechanoreceptors of the internal anal sphincter causing reflex parasympathetic stimulation of colon and rectum mediated by the S2-S4 spinal cord segments. 38, 39 Based on the anecdotal effectiveness in dogs, the described effectiveness in humans and the possible physiological explanation behind it, a clinician could consider mentioning this maneuver to owners of dogs with persistent FI after SCI, in order to possibly help with the management of this inconvenient complication.
Limitations of this study are mainly because of its retrospective nature leading to nonstandardized and nonrandomized treatments, uneven size of treatment groups and the use of telephone questionnaire to assess outcome.
In conclusion, this study on dogs with T3-L3 ANNPE identified the neurological grade at presentation and the PCSAL as predictors of both UI and FI. The presence of neurological signs compatible with spinal shock at presentation and the lack of administration of NSAIDs after diagnosis were predictors of FI only. The role of the specific site of the lesion within the T3-L3 spinal cord segments as predictor of FI might also deserve further investigation. Taking into consideration these variables at the time of diagnosis will help the clinician to predict the risk of UI and FI in dogs with T3-L3 ANNPE.
